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Introduction
Chronic obstructive pulmonary disease (COPD) is a fatal disease that is projected to be the third most common cause of death worldwide within the next three years. 1 COPD is a heterogeneous disease that exhibits complex pathological features. Exacerbations of COPD are defined as an acute worsening of respiratory symptoms resulting in a need for additional therapy. 2, 3 Aside from neutrophilic inflammation, eosinophilic inflammation is a new area of research. The latest studies demonstrated that eosinophilic inflammation exists in both stable and acute exacerbations of COPD (AECOPD). 4, 5 Mounting evidence suggests that eosinophil levels may be related to the effects of therapy and outcomes, even in the absence of asthma. [6] [7] [8] [9] Blood eosinophils are usually used as a biomarker for response to inhaled steroids (ICS) and exacerbation risk in stable COPD. [10] [11] [12] [13] [14] [15] [16] Bafadhel et al found that eosinophil count (100/µL and 300/µL) predicted the risk of exacerbations and the response to treatment with ICS in patients with COPD. 17 Blood eosinophil counts are recommended by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) as a biomarker to guide ICS therapy in clinical practice. 1 However, the effect of blood eosinophil in stable and acute cases may be different.
Saltürk et al reported that patients with eosinophil levels less than 2% experienced shorter intensive care unit (ICU) stays and lower mortality rates. 18 Similarly, Kang suggested better pulmonary function, lower admissions to the ICU, and mortality in a group with eosinophil levels less than 2%. 19 Duman et al reported that shorter hospital stays and lower readmission rates were found in the group with eosinophilia, but no differences were found in six-month mortality. 20 Patients with AECOPD, and low (< 50/µL) eosinophil were strongly associated with longer median hospital stay (7 vs 4 days, P < 0.001), and lower 12-month survival (82.4% vs 90.7%, P < 0.028) than patients with high (> 150/µL) eosinophil counts. 21 An eosinophil value of < 0.144×10 9 /L (or less than 2%) on admission was associated with a longer hospital stay for AECOPD. 22 However, the effect of blood eosinophil in AECOPD outcomes remains controversial. Two studies found longer hospitalization, 23 ,24 a greater need for mechanical ventilation, 23 and increased mortality 23, 24 in the group with eosinophilia. Further, a higher frequency of readmission for AECOPD 25 and a higher rate of exacerbations 26 have been found in those with eosinophilia. This study aimed to investigate the effect of peripheral blood eosinophil in patients who experienced AECOPD.
Methods
This prospective, multicenter study was conducted in three university-affiliated hospitals in China. Patients who were hospitalized for AECOPD between September 2018 and February 2019 were enrolled. The study was approved by the local ethics committee (Biomedical Ethics Committee of West China Hospital of Sichuan University) and complied with the Declaration of Helsinki. All patients provided written informed consent. The study was registered in the Chinese Clinical Trial Registry (ChiCTR1900024210). All data were collected from questionnaire surveys and hospital databases.
Subject
The definitions of COPD were based on the GOLD criteria. Spirometry is required to diagnose COPD. The presence of a post-bronchodilator FEV 1 /FVC ratio < 0.70 confirms the presence of persistent airflow limitation and, thus, COPD in patients with appropriate symptoms and significant exposures to noxious stimuli. 1 COPD exacerbations are defined as an acute worsening of respiratory symptoms that result in additional therapy. 1 Inclusion criteria were as follows: ≥ 40 years of age with AECOPD; routine baseline peripheral blood test was performed before receiving any antibiotic or systemic corticosteroid therapy (prednisone > 0.5 mg/kg or equivalent doses). Patients admitted due to other medical problems, those with a history of asthma, active pulmonary tuberculosis, interstitial pulmonary disease or lung cancer, those undergoing chronic oral steroid therapy, those with other diseases that could influence eosinophil count (allergic diseases, parasitic infections, eosinophilic pneumonia), and individuals with severe dysfunction of other organs or systems or malignant tumors were excluded.
Measurements
Patient baseline characteristics, including age, sex, body mass index, allergy history, smoking history, duration of disease, long-term home oxygen therapy, regular medications, heart and respiratory rate on admission, comorbidities (hypertension, diabetes mellitus, arrhythmia, chronic ischemic heart disease, congestive heart failure, peripheral vascular disease, bronchiectasis, respiratory failure, and pulmonary heart disease), manner of hospital admission, the number of hospital or emergency admissions in the previous year, laboratory data (routine blood test and arterial blood gas analysis), admission to the ICU, length of hospital stay, rate, and duration of noninvasive mechanical ventilation (NIMV), and hospital medical treatment and mortality, were recorded. A COPD assessment test (CAT), modified British Medical Research Council (mMRC), and the refined ABCD assessment were also evaluated using questionnaires. The primary outcome measure was the length of the hospital stay. Secondary outcome measures included ICU admission rate, and duration of noninvasive ventilation, comorbidities, and mortality.
Analysis
Clinical outcomes were compared among patients grouped according to quartile-percent and absolute count of peripheral blood eosinophils (From low to high: Groups 1, 2, 3, 4). Pearson's chi-squared test or Fisher's exact was used to compare discrete variables. The Kruskal-Wallis test was used for pairwise comparisons if differences were revealed using the chi-squared test. Analysis of variance and nonparametric tests were used to compare continuous variables. Kaplan-Meier analysis was performed to identify the associated factors and hospital length of stay. The receiver operating characteristic (ROC) curve with the calculation of the area under the curve (AUC) was used to identify the cutoff values of eosinophils associated with longer hospital lengths of stay. A two-sided P ≤ 0.05 was statistically significant. One-sixth of the P-value ≤ 0.05 was statistically significant in the Kruskal-Wallis test. All statistical analyses were performed using SPSS version 25.0 (IBM Corporation, Armonk, NY, USA).
Results
Overall, 1099 COPD patients who experienced acute exacerbations were admitted during the study period, of whom 493 were analyzed ( Figure 1 ). Medians of percentage and absolute count of peripheral blood eosinophils were 0.7% (interquartile range [IQR] 0-2.55) and 0.05 ×10 9 /L (IQR 0-0.17) in total. Patients were classified according to percentage of eosinophil quartile as follows: Group 1 (n = 124), Group 2 (n = 131), Group 3 (n = 115), and Group 4 (n = 123). Similarly, patients were classified according to eosinophil count quartile as follows: Group 1 (n = 129), Group 2 (n = 120), Group 3 (n = 129) and Group 4 (n = 115). The proportion of males in the present study was 69.2%. The median (IQR) age, BMI, course of disease, and length of hospital stay were 76 (68-83) years, 21.224 (18.5-24.315) kg/m 2 , 10 (5-20) days and 11 (9) (10) (11) (12) (13) (14) days, respectively. The clinical characteristics and laboratory findings on admission of the patients are summarized in Tables 1-4. AECOPD was treated with oxygen therapy, atomization, antibiotics, or systemic steroids. Antibiotics and systemic steroids were prescribed at the discretion of the attending physician.
The primary outcome measure was the length of the hospital stay. The length of hospital stays was found to be different in the two types of groups (p = 0.01, p = 0.002) ( Tables 5 and 6 ). In pairwise comparison, a significantly longer hospital stay was found in Group 1 than in Group 4 
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Exacerbations leading to hospital or emergency admission in previous year, median (IQR) in the quartile-percentage eosinophil cohorts (12 vs 10 days; p = 0.005). The secondary outcomes were the rate and duration of NIMV, comorbidities, mortality, and ICU admission. The frequencies of heart failure, respiratory failure, and pulmonary heart disease were found to be different between the two classified cohorts (p = 0.004, p = 0.005; p = 0.002, p = 0.008; p = 0.005, p = 0.005, respectively) ( Tables 5 and 6 ). In the quartile-percentage eosinophil cohorts, patients in Group 1 experienced significantly higher rates of heart failure than those in Group 4 (48.4% vs 28.5%, p = 0.001), had higher frequencies of respiratory failure and pulmonary heart disease compared with those in Groups 3 and 4 in a pairwise comparison (54.8% vs 34.8%, p = 0.002; 54.8% vs 35%, p = Monocyte, % 6.9(5-8.8) 4.8(3.1-6.45) 6.5(4.9-8.5) 7.6(5.9-9.5) 0(6.5-8) 0.000
Notes: c Patients were grouped by quartile percentage (0, 0.7, 2.55) of blood eosinophils and divided into group 1, 2, 3 and 4 (from low to high). *Mean (SD, standard deviation). Abbreviations: IQR, interquartile range: 25%-75%; E%, percent of blood eosinophil in white blood cell; E, absolute count of peripheral blood eosinophil. 0.003; 50.8% vs 32.2%, p = 0.004; 50.8% vs 34.1%, p = 0.008). In the eosinophil count cohorts, patients in Group 1 had significantly higher rates of heart failure, respiratory failure, and pulmonary heart disease than those in Groups 3 and 4 in a pairwise comparison (48.1% vs 30.2%, p = 0.003; 48.1% vs 30.4%, p = 0.005; 55.8% vs 37.2%, p=0.003; 55.8% vs 37.4%, p=0.004; 51.9% vs 34.1%, p = 0.004; 51.9% vs 33%, p = 0.003).
Except for the duration of NIMV, the proportion of ICU admission, NIMV, and mortality were found to vary among groups (p = 0.009, p = 0.01; p = 0.011, p = 0.005; p = 0.05, p = 0.283) ( Tables 5 and 6 ). There was a significantly higher rate of NIMV in Group 1 than in Group 4 in the percentage of eosinophil cohorts (29.5% vs 23.6%, p = 0.007). Comparable results were found in Group 1 compared to Group 3 in the eosinophil count cohorts (41.1% vs 21.7%, p = 0.001). No difference was found in mortality or ICU admission in a pairwise comparison (p>0.008). Kaplan-Meier analyses identified a significant difference between eosinophil groups in length of hospital stay in both quartile-percentage and absolute count of eosinophil groups (P < 0.023; P < 0.035) ( Figure S1 and S2, Tables S1-S4). The median hospital stays were both 11 days for the absolute count and quartile-percentage eosinophil groups. Using the median hospital stay (11 days) as the cutoff value, ROC analysis of the cutoff values of blood eosinophil for longer hospital stay at ≥ 11 days were as follows: percentage of eosinophil < 0.45 was associated with a longer hospital stay (AUC: 0.585, sensitivity: 0.534, specificity: 0.613, P = 0.001), while an eosinophil count of < 0.025×10 9 /L (AUC: 0.579, sensitivity: 0.336, specificity: 0.805, P = 0.003) was associated with a longer hospital stay. Details are shown in Figure S3 and Table S5 .
A sensitivity analysis was performed to address potential bias from analytical methods. Associations between eosinophil classification and clinical outcomes were further surveyed using different cutoffs to define eosinophilia. 
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Notes: e Patients were grouped by quartile percentage (0, 0.7, 2.55) of blood eosinophils and divided into group 1, 2, 3 and 4 (from low to high). *Fisher's exact probability method; **Mean (SD, standard deviation). Abbreviations: IQR, interquartile range: 25%-75%; N, number; E%, percent of blood eosinophil in white blood cell; E, absolute count of peripheral blood eosinophil; ICU, intensive care unit; NIMV, noninvasive mechanical ventilation; IMV, invasive mechanical ventilation.
Alternative cutoffs of 2%, 100/µL, and 300/µL were used to verify the difference in the hospital stay length, ICU admission, rate, and duration of noninvasive ventilation, comorbidities, and mortality. Analysis of the 2% cutoff showed there are 151 patients (30.63%) with eosinophil ≥ 2%. Patients with eosinophil < 2% experience longer hospital stays and more respiratory failures (Table S6 ). There are 177 patients (35.9%) with eosinophil ≥ 100/µL. Patients with eosinophil counts < 100/µL were associated with longer hospital stays and higher proportions of NIMV, respiratory failure, heart failure, and pulmonary heart disease (Table S7 ). Only 43 patients (8.7%) had eosinophil ≥ 300/µL. Patients with eosinophil counts < 300/µL were associated with longer durations of NIMV, and higher proportions of heart failure and pulmonary heart disease (Table S8 ). Different ways of grouping showed comparable results; patients with lower eosinophil experience poorer clinical outcomes in patients with AECOPD.
Discussion
We analyzed the clinical characteristics and outcomes of AECOPD patients according to the percent and absolute 
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Notes: f Patients were grouped by quartile absolute count (0, 0.05×109/L, 0.17×109/L) of blood eosinophils and divided into group 1, 2, 3 and 4 (from low to high).IQR, interquartile range: 25%-75%; *Fisher's exact probability method; **Mean (SD, standard deviation). Abbreviations: N, number; E%, percent of blood eosinophil in white blood cell; E, absolute count of peripheral blood eosinophil; ICU, intensive care unit; NIMV, noninvasive mechanical ventilation; IMV, invasive mechanical ventilation.
count of eosinophils based on routine blood counts. We found that patients with higher eosinophil levels experienced better clinical outcomes. A significantly higher proportion of COPD patients with lower eosinophil counts required a longer hospital stay, NIMV, and experienced more complications. Patients with lower eosinophilic COPD exhibited a higher rate of heart failure, respiratory failure, and pulmonary heart disease than those in the higher eosinophilic COPD group. There are several explanations for why COPD patients with lower eosinophil counts experienced poorer outcomes. First, lower eosinophilic COPD patients had higher neutrophil counts in our analysis. Neutrophilia is known to be a marker of bacterial infection, which is a common cause of exacerbation. COPD exacerbations caused by bacterial infection are also associated with longer hospital stays. 4, 24, 27 Collinearity diagnosis was performed on the logistic regression model to verify the correlation between eosinophil and neutrophil. There was no collinearity between the eosinophil count, neutrophil count, percentage of eosinophil, and neutrophil variation (Table S9) . Therefore, we believe that neutrophil and eosinophil are independent factors. Second, an appropriate treatment with antibiotics and systemic corticosteroids can shorten recovery time and hospital stay. The decision for antibiotics and systemic corticosteroids used in our study was based on white blood cell counts, neutrophil levels, inflammatory biomarkers, patient signs and symptoms, chest imaging, and general clinical practice, without controlled peripheral eosinophils. Most patients in our study were prescribed antibiotics. However, lower eosinophilic COPD patients had a significantly higher frequency of systemic corticosteroid treatment. It has been reported that exacerbations associated with an increase in sputum or blood eosinophil levels may be more responsive to systemic steroids. 28 Additionally, two recent studies reported that glucocorticoids might be less effective in AECOPD patients with lower levels of blood eosinophils. 4, 29 In this study, higher eosinophilic COPD patients may have benefitted from receiving more systemic steroids. More prospective trials are needed to verify this assertion.
Although the proportion of ICU admissions and mortality were different among the groups, no difference was found in the pairwise comparison. The number of ICU admissions and mortalities in our study was only 6 and 5, respectively. Moreover, there were no participants in some groups. As such, the validity and reliability of these two analyses are limited. Thus, a study with larger sample size is needed.
In an analysis of the SubPopulations and InteRmediate Outcome Measures In COPD Study (SPIROMICS), significant differences were found in age, sex, BMI, percentage, predicted forced expiratory volume in one second (ppFEV 1 ), FEV 1 /FVC ratio and smoking. However, there is no evidence of a GOLD stage between lower eosinophil (< 200/μL) and higher eosinophil (≥ 200/μL) groups. 14 SPIROMICS was a retrospective observational cohort study that enrolled patients with a smoking history of at least 20 packs of cigarettes per year. Patients exhibited symptoms, exacerbations, activity limitations, and radiological evidence of airway disease. However, preserved lung functions not meeting the criteria for COPD diagnosis were included. These early COPD participants may have influenced the results. In a retrospective, observational study conducted in the ICU, patients with noneosinophilic COPD had a higher rate of NIMV on admission, NIMV failure, ICU mortality, arrhythmia, and a longer ICU stay than those with eosinophilic COPD. 18 In this study, COPD patients were classified according to eosinophil levels (eosinophilic > 2% or non-eosinophilic ≤ 2%). However, some patients were treated with antibiotics or steroids before ICU admission, which may have affected the results. Singh et al 5 reported on COPD subjects with eosinophils ≥ 2%, who were characterized by older age, a higher proportion of males, higher ppFEV 1 , fewer current smokers, better scores on the St. George's Respiratory Questionnaire (SGRQ) and mMRC than noneosinophil COPD and healthy control groups. Data from this analysis were from the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) study, which enrolled GOLD stage II-IV COPD patients with a smoking history ≥ 10 pack of cigarettes per year. The ECLIPSE study was a 3-year investigation, involving subjects > 75 years old with severe complications, who might not complete the study and were excluded. Data from those with mild COPD, older age, and those with severe complications were absent in this study.
However, Couillard et al 30 reported that there was no significant difference in sex, age, smoking, home oxygen use, comorbidity, lung function, GOLD stage, and hospitalization for COPD in the previous year between the two COPD phenotypes. Moreover, there was no difference in length of hospital stay. That was a retrospective observational study that enrolled patients who were hospitalized for AECOPD. Eosinophils ≥ 200/μL or ≥ 2% was considered as the cutoff for group allocation. Participants with a history of asthma and bronchiectasis, admission for pneumonia, therapy for systemic corticosteroids between 1 hr and 48 hrs before admission were excluded. However, the use of antibiotics was not detailed. Although the use of antibiotics would not directly affect the absolute eosinophil count, it would influence the eosinophil percentage of total white blood cells.
Recently, Ko et al found that an eosinophil value of < 0.144×109/L or < 2% on admission was associated with longer hospital stays for AECOPD independent of age, lung function and previous hospital admissions. 22 The median of the absolute eosinophil count, percent eosinophil, and hospital stay were 0.11×10 9 /L, 1% and 5 days, respectively. That was a single-center study, and not all subjects had eosinophil count data, but the results were similar to our research. MacDonald et al 21 found no significant difference in baseline characteristics between patients with low (< 50/mL), normal (50-150/mL), or high (> 150/mL) blood eosinophils in two cohorts. Patients with low eosinophil counts were associated with infection (91% vs 51.9%, P < 0.001), longer hospital stay (7 vs 4 days, P < 0.001), and lower 12-month survival (82.4% vs 90.7%, P < 0.028) than those in high eosinophil counts group.
Our study had some limitations. First, for low eosinophil levels in our study, we did not group patients according to 2% blood eosinophils as in previous investigations. Grouping according to the 2% cutoff could have led to several differences in the number of participants and induced an imbalance in the results. However, we found comparable results in a sensitivity analysis using the 2% cutoff. Second, the use of steroids was not according to eosinophil levels but determined by the physician according to patient signs and symptoms. The rate of steroid use was different among the groups. Third, the diagnosis of COPD was based on medical history records of spirometry; patients with asthma were excluded. Spirometry results were not recorded on admission because some patients were not able to take the test. Fourth, most patients enrolled in our study had poor symptom scores and were in stage B or D of the refined ABCD assessment. As such, our results cannot be applied to all stages of COPD. Finally, this was a prospective observational study of patients with AECOPD, and we used the data to assess the effect of peripheral blood eosinophil on their hospital stays during acute admissions.
Our study also had several advantages. First, it was a prospective multicenter study, with a large sample of AECOPD patients recruited from three teaching hospitals. Second, our research excluded patients with histories of steroid use. Corticosteroids affect eosinophil levels and induce eosinopenia. Thus, we excluded patients who possibly had taken steroids before enrollment. Third, although several comparative studies investigating eosinophilic COPD have been published, all have been retrospective analyses 18, 20, 31, 32 and included patients taking steroids before enrollment. Fourth, we did sensitivity analysis using alternativity cutoffs at 2%, 100/µL, and 300/µL to avoid bias. Finally, our results suggest that lower peripheral eosinophil levels are associated with poor clinical outcomes. This information will aid clinicians who must evaluate and predict the clinical course of patients hospitalized for AECOPD.
Conclusion
Identifying biomarkers of AECOPD could be useful in classifying exacerbation phenotypes. Lower-eosinophilic COPD inpatients can be more severely ill, experience longer hospital stays, a higher rate of NIMV, and more complications. A lower eosinophilic state can be a helpful indicator to predict outcomes of COPD and may be useful for the management of patients who experience AECOPD. More studies are needed to evaluate if peripheral blood eosinophil can guide the use of antibiotics and corticosteroids.
Abbreviations COPD, chronic obstructive pulmonary disease; BMI, body-mass index; ppFEV 1 , percent of predicted forced expiratory volume in 1s; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
